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1
METHOD OF ALLOCATING RADIO
RESOURCES AND APPARATUS OF
ALLOCATING RADIO RESOURCES IN
COGNITIVE RADIO SMALL-CELL
NETWORKS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0006773 filed in the
Korean Intellectual Property Office on Jan. 20, 2014, the
entire contents of which are incorporated herein by reference.

BACKGROUND

1. Technical Field

Various embodiments of the present invention relates to a
method of allocating radio resources and an apparatus of
allocating radio resources, and more particularly, to a method
of allocating radio resources and an apparatus of allocating
radio resources that divide a required transmission rate of a
small cell for each available channel in a cognitive radio
small-cell environment.

2. Related Art

With the development of next-generation mobile commu-
nication and widespread of a new wireless communication
apparatus, various application services can be used by access-
ing a radio service anytime and anywhere. As a result, in
recent years, wireless Internet traffic has been explosively
increased.

In order to increase a network capacity with limited
resources, a small-cell based mobile communication technol-
ogy has been actively developed. Also, a cognitive radio
communication technology suggesting a new paradigm of
frequency allocation in order to improve efficiency of fre-
quency draws keen attention. A research into creating a new
technology has been actively made by merging two technolo-
gies in order to develop a wireless communication service
that stably provides enormous radio traffic in the future.

When an additional sharable band is secured and operated
as multiple bands by applying a cognitive radio function in a
small cell, a small cell network capacity may be increased by
increasing an available bandwidth. However, a characteristic
of a frequency band is diversified in using the sharable band,
and a protection criterion of a protection service for each
channel is completely different. As a result, the necessity of
resource allocation for each band is increased.

In particular, since the sharable band is changed depending
on the position of the small cell or a terminal, in general, a
channel is partially shared, and in this case, multi-band
resource allocation needs to be performed.

SUMMARY

In an embodiment of the present disclosure has been made
in an effort to provide a method of allocating radio resources
and an apparatus of allocating radio resources that divide a
required transmission rate for each channel with respect to
cognitive radio small cells that share channels, and thereafter,
perform a power control according to the divided required
transmission rate, thereby remarkably reducing complexity
for resource allocation.

In an embodiment of the present disclosure has been made
in an effort to provide an apparatus of allocating radio
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resources, which acquires channel information, calculates a
channel characteristic, and controls channel power in differ-
ent layers.

Technical objects of the present disclosure are not limited
to the aforementioned technical objects and other technical
objects which are not mentioned will be apparently appreci-
ated by those skilled in the art from the following description.

An embodiment of the present disclosure provides a
method of allocating radio resources, including: acquiring
available channel information of a cognitive radio small cell;
analyzing a channel characteristic based on the available
channel information and dividing a required transmission rate
of the cognitive radio small cell into required transmission
rates for each available channel; and performing a power
control for each available channel based on the divided
required transmission rates for each available channel.

The dividing of the required transmission rate of the cog-
nitive radio small cell into the required transmission rates for
each available channel may include: calculating a character-
istic coefficient based on the available channel information;
and calculating the required transmission rates for each avail-
able channel based on the characteristic coefficient and the
required transmission rate of the cognitive radio small cell.
The available channel information may include at least one of
a protection service type of an available channel, a data trans-
mission rate, the number of available channels, interference
intensity, a signal to interference plus noise ratio (SINR), and
a signal to leakage plus noise ratio (SLNR).

The characteristic coefficient o, for an available channel
s of a cognitive radio small cell k may be calculated by

)
(s) _

wer
st
@ = (S),SES/(,

2wk

58y

and w, may correspond to a weight value set and calculated
based on the available channel information.

The performing of the power control for each available
channel may include determining transmission power for
each available channel, and the transmission power p,* for
each available channel for the available channel s of the
cognitive radio small cell k may be calculated by a minimum
value to satisfy the required transmission rate for each chan-
nel through an equation described below,

K
: (s)
min s) Pk
Pe i3

st S = A9

and r,*” may correspond to a transmission rate of the available
channel s of the cognitive radio small cell k, and r,*- * may
correspond to the required transmission rate for each avail-
able channel of the available channel s of the cognitive radio
small cell k.

The calculating of the required transmission rate for each
available channel and the performing of the power control
may be implemented in a cross-layer manner.

The method of allocating radio resources may be per-
formed under an interference environment in which a plural-
ity of cognitive radio small cells sharing an available channel
exist.
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Another embodiment of the present disclosure provides an
apparatus of allocating radio resources under an interference
environment in which a plurality of cognitive radio small cells
partially shares the available channel, the apparatus includ-
ing: a channel information acquiring unit configured to
acquire available channel information of a cognitive radio
small cell; a channel characteristic analyzing unit configured
to analyze a channel characteristic based on the available
channel information; a channel required transmission rate
determining unit configured to divide a required transmission
rate of a cognitive radio small cell into required transmission
rates for each available channel based on the analyzed chan-
nel characteristic; and a channel transmission power control
unit configured to perform a power control for each available
channel based on the divided required transmission rates for
each available channel.

The channel information acquiring unit may operate in a
first layer, and the channel characteristic analyzing unit may
operate in a second layer different from the first layer.

The apparatus may further include a transmission unit con-
figured to transmit a signal having transmission power corre-
sponding to the controlled power and operate in the first layer.

The channel characteristic analyzing unit may analyze the
channel characteristic by using two or more of the available
channel information.

The channel transmission power control unit may deter-
mine transmission power for each available channel based on
the required transmission rate for each available channel, an
adaptive coding and demodulation mode for each channel,
and system quality of service (QoS).

The channel transmission power control unit may allocate
transmission power of p,” calculated as below with respect
to an available channel s of a cognitive radio small cell k

K
: (s)
min s) Pi
P g

st r = A

and r,*” may correspond to a transmission rate of the available
channel s of the cognitive radio small cell k and r,* * may
correspond to the required transmission rate for each avail-
able channel of the available channel s of the cognitive radio
small cell k.

The channel characteristic analyzing unit may calculate a
characteristic coefficient based on the available channel infor-
mation and multiply the calculated characteristic coefficient
by the required transmission rate of the cognitive radio small
cell to calculate the required transmission rate for each avail-
able channel.

The characteristic coefficient o, for the available channel
s of the cognitive radio small cell k may be calculated by

werl)

St

58y

o =

, S €Sk,

and w, may correspond to a weight value set and calculated
based on the available channel information.

According to the embodiments of the present disclosure, a
method of allocating radio resources and an apparatus of
allocating radio resources divide a required transmission rate
into required transmission rates for each available channel by
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reflecting characteristics (a protection service, a transmission
rate, interference intensity, an SINR, an SLNR, the number of
sharing apparatuses for each channel, the number of available
channels, and the like) of an available channel, thereby inde-
pendently performing a multiband power control for each
channel. In the specification, performing the power control is
determining transmission power and may be understood as a
concept corresponding to resource allocation.

Accordingly, the existing multiband radio resource alloca-
tion is performed simultaneously for both all channels and
users to show complexity in which exponentially increases
with respect to a multiplication of the number of channels and
the number of users, but the method of allocating radio
resources and the apparatus of allocating radio resources
according to the exemplary embodiments of the present
invention perform the resource allocation for each channel to
exponentially increase with respect to only the number of
users, thereby decreasing the complexity.

The method of allocating radio resources and the apparatus
ofallocating radio resources according to the embodiments of
the present disclosure can perform the resource allocation in
parallel for each channel to shorten an optimization time as
compared with the resource allocation in the related art,
thereby adapting to a radio environment which is rapidly
changed.

The exemplary embodiment of the present invention is
illustrative only, and various modifications, changes, substi-
tutions, and additions may be made without departing from
the technical spirit and range of the appended claims by those
skilled in the art, and it will be appreciated that the modifica-
tions and changes are included in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a cognitive radio small cell
network environment.

FIG. 2 is a diagram illustrating a cognitive radio small cell
and a cognitive radio apparatus that acquire available channel
information.

FIG. 3 is a diagram illustrating that an available channel is
different for each specific area in the cognitive radio small
cell.

FIG. 4 is a diagram for describing a case in which different
available channels are provided depending on the position of
the cognitive radio apparatus.

FIG. 5 is a flowchart for describing a method of allocating
cognitive radio resources according to an exemplary embodi-
ment of the present invention.

FIG. 6 is a block diagram illustrating an apparatus of allo-
cating radio resources, which performs the method of allo-
cating radio resources according to an exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings. Like reference numerals refer to like con-
stituent elements and a duplicated description of like
constituent elements will be omitted.

Specific structural or functional descriptions of exemplary
embodiments of the present invention disclosed in the speci-
fication are made only for purposes of describing the exem-
plary embodiments of the present invention, and the exem-
plary embodiments of the present invention may be carried
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out in various forms, and it should not be construed that the
present invention is limited to the exemplary embodiments
described in the specification.

In describing constituent elements of the exemplary
embodiment of the present invention, terms such as first,
second, A, B, (a), and (b) may be used. The terms are only
used to distinguish a constituent element from another con-
stituent element, but a nature or an order of the constituent
element is not limited by the terms.

The present invention provides a multiband resource allo-
cating method for using a sharable band acquired by access-
ing database or sensing a spectrum with energy efficiency in
a cognitive radio small cell. Further, the present invention
provides an apparatus of allocating radio resources, which
designs the method of allocating radio resources in a cross-
layer manner.

In detail, the present invention provides a multiband
resource allocating technique for improving energy effi-
ciency under an environment in which cognitive radio small
cells or cognitive radio apparatuses using multiple channels
have different available channels to partially share the chan-
nels when the cognitive radio small cell operates the multiple
bands by receiving available channel information. In this
case, the present invention provides a technique that divides a
required transmission rate into required transmission rates for
each available channel by reflecting characteristics (a protec-
tion service, interference intensity, an SINR, an SLNR, the
number of sharing apparatuses, the number of available chan-
nels, and the like) of an available channel of the cognitive
radio small cell, and independently perform a power control
for each channel. Hereinafter, an operation performed by a
base station that controls the cognitive radio small cell will be
primarily described. However, depending on exemplary
embodiments, the same operation may be performed even in
the cognitive radio apparatus that receives available channel
information from the base station of the cognitive radio small
cell.

FIG. 1 is a diagram illustrating a cognitive radio small cell
network environment.

Referring to FIG. 1, a cognitive radio small cell according
to the present disclosure uses both an existing license band
and a sharable band by securing a sharable band with a cog-
nitive radio function (accessing database or sensing a spec-
trum), so as to operate multiple bands. For example, the
sharable band may include a TV White Space (TVWS), an
ISM band, and an additional sharable band.

FIG. 2 is a diagram illustrating a cognitive radio small cell
and a cognitive radio apparatus that receive available channel
information.

The cognitive radio small cell may receive available chan-
nel information by accessing database or sensing a spectrum,
and the cognitive radio apparatus may acquire available chan-
nel information by accessing the cognitive radio small cell.

FIG. 3 is a diagram illustrating that an available channel is
different for each specific area in the cognitive radio small
cell.

Referring to FIG. 3, an available channel in the cognitive
radio small cell may be changed for each area in the small cell
according to propagation characteristics of a frequency band.

Different available channels may be provided in regions of
the cognitive radio small cell. Referring to FI1G. 3, inregion A,
an additional sharable band channel may be used in area R1,
and an ISM channel may be additionally in area R2 A license
band channel may be used in area R3, and a TVWS channel
may be used in area R4.

10

15

20

25

30

35

40

45

50

55

60

65

6

Region B has a different available channel from that of
region A. Even in region B, different channels may be used in
area R1 and area R2.

As described above, the cognitive radio small cell and the
cognitive radio apparatus may have different available chan-
nels depending on the positions thereof.

FIG. 4 is a diagram for describing a case in which different
available channels are provided depending on the position of
the cognitive radio apparatus. Hereinafter, a case in which the
cognitive radio small cell has S available channels and K
cognitive radio apparatuses are present will be described as an
example.

Referring to FIG. 4, a plurality of cognitive radio appara-
tuses that are present at different positions has different avail-
able channels. A cognitive radio apparatus k is allocated an
available channel set of s&S,, and S, =S according to the
position, and data is transmitted/received through the allo-
cated available channel set.

Transmission power of each available channel is repre-
sented by p,*”, and a required data transmission rate of the
cognitive radio apparatus is represented by r;’. The present
invention may perform a multiband power control for
improving energy efficiency of the cognitive radio apparatus
under such an environment.

Referring to FIG. 4, a first cognitive radio apparatus posi-
tioned in a first cognitive radio small cell may use first to
fourth channels. In a method of allocating radio resources
according to an embodiment of the present disclosure, a
required data transmission rate for each of the first to fourth
channels is divided into a required data transmission rate for
each available channel. Therefore, the first cognitive radio
apparatus of the first cognitive radio small cell has require-
ment transmission rates of r, "%, r, % r, &> and r, ™" *for
the respective available channels.

A second cognitive radio apparatus positioned in a second
cognitive radio small cell may use the first to third channels,
and has required data transmission rates of r,® %, r,'®" ¢, and
1, * for the respective available channels.

Similarly, a k-th cognitive radio apparatus positioned in a
k-th cognitive radio small cell has the first to fourth channels
as the available channel and has divided required data trans-
mission rates of r;® 7, r, @4, r, ", and r,“** for the respec-
tive available channels.

In the case of the resource allocation in the related art, since
a power control is performed for all channels based on a
required transmission rate of the cognitive radio small cell, a
calculation amount is proportional to an index of KS. When K
cognitive radio apparatuses are present and S available chan-
nels are provided, the transmission power of the cognitive
radio small cell is determined according to Equation 1.

[Equation 1]

K
minp;f) Z Z p,(f)

k=1 5€5;,

stor 27

Equation 1 means a transmission power control that aims to
satisfy the required transmission rate of the cognitive radio
apparatus in the small cell and minimize power consumed in
the small cell.

Meanwhile, in the resource allocation according to the
exemplary embodiment of the present disclosure, the
required transmission rate is divided into the required trans-
mission rates for each available channel so as to satisfy the
required transmission rate for each channel, and thereafter,
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the power control for each channel is independently per-
formed. Accordingly, although described with reference to
Equation 4 hereinafter, a calculation amount required for the
resource allocation according to the embodiment of the
present disclosure is proportional to an index of K and
increases linearly to S. Depending on exemplary embodi-
ments, as compared with the related art, complexity of the
power control may decrease by 68% under an environment of
K=2 and S=2, and the complexity of the power control may
decrease by 99% under an environment of K=4 and S=4.

An interference environment for each channel is deter-
mined depending on the number of apparatuses which share
the channel under an environment in which the channel is
partially shared among cognitive radio small cells, and the
respective channels have different environments. Therefore,
in performing the multi band resource allocation by reflecting
such an environment, first, a characteristic for each available
channel is verified, and the required transmission rate is
divided by reflecting the characteristic, so as to perform the
resource allocation in parallel for each channel. Second, the
resource allocation for each channel is performed by consid-
ering the required transmission rate for each channel.

FIG. 5 is a flowchart for describing a method of allocating
cognitive radio resources according to an embodiment of the
present disclosure.

Referring to FIG. 5, the method of allocating radio
resources according to the embodiment of the present disclo-
sure includes setting a required transmission rate r,” and an
initial power value P, of an available channel S, of a cognitive
radio small cell (step S510), dividing the required transmis-
sion rate of the cognitive radio small cell into required trans-
mission rates for each available channel by analyzing a char-
acteristic for each available channel according to available
channel information (step S520), and performing a power
control for each available channel based on the divided
required transmission rates for each available channel (step
S530).

The dividing of the required transmission rate of the cog-
nitive radio small cell into the required transmission rates for
each available channel by analyzing the characteristic for
each available channel may be performed with respect to K
cognitive radio apparatuses. Hereinafter, the corresponding
step will be described in detail.

kis setto 1 in order to determine the required transmission
rate for each available channel with respect to K cognitive
radio apparatuses (step S521).

The cognitive radio small cell acquires available channel
information of the small cell. For example, the available
channel information may include a protection service type, a
data transmission rate, the number of available channels,
interference intensity, an SINR, an SLNR, and the number of
sharing apparatuses of the available channel S,. As illustrated
in FIG. 2, the cognitive radio small cell may acquire the
available channel information through a method of accessing
database or sensing a spectrum.

The characteristic for each channel is analyzed based on
the available channel information (step S522). One or more
available channel information may be used at the time of
analyzing the channel characteristic. Depending on exem-
plary embodiments, the characteristic for each channel may
be analyzed by reflecting an SINR for each channel and the
number of available channels or the channel characteristic
may be analyzed by using at least two factors of factors
included in the available channel information.
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A characteristic coefficient representing the characteristic
for each channel is defined as

(afh b= 1],

€Sy

represents a relative interference amount for each available
channel, and is calculated as Equation 2.

W, r,(f) [Equation 2]

) = , 5 €S,

O./k =
s

eS8y

In Equation 2, a characteristic coefficient ¢, may be
expressed by the sum of weight values of the transmission
rate r,%), and w, may reflect the protection service type, the
interference intensity, the number of sharing apparatuses, the
number of available channels, and the like, as a weight value
for each channel.

The required transmission rate for each channel is calcu-
lated based on the analyzed characteristic for each channel
(step S523). Depending on exemplary embodiments, system
quality of service (QoS) information may also be used
together in determining the required transmission rate for
each channel. For example, the system QoS information may
include a required bit error rate (BER) and the required trans-
mission rate.

When a required transmission rate of the cognitive radio
small cell k is r,’, a required transmission rate of a channel S
is represented by Equation 3.

(s) ¢

M=ol s e s,

[Equation 3]

As described above, a process of calculating the required
transmission rate for each channel depending on the charac-
teristic for each channel is repeated with respect to respective
cognitive radio small cells, and when k is smaller than K (step
S524, Yes), k is increased by 1 (step S525).

When all of the required transmission rates for each avail-
able channel are calculated with respect to K cognitive radio
small cells (step S524, No), the power control for each chan-
nel is performed based on the calculated required transmis-
sion rates for each available channel.

Hereinafter, the step (step S530) of performing the power
control for each available channel based on the divided
required transmission rates for each available channel will be
described in detail.

The power control for each channel may also be repeatedly
performed with respect to K cognitive radio small cells. Fur-
ther, an operation performed with respect to K cognitive radio
small cells may be repeatedly calculated for the predeter-
mined number of operation times. Therefore, steps described
below are repeated by setting an indicator iter to 1 (step
S531), and increasing the indicator iter by 1 (step S538) until
the indicator iter is smaller than a maximum indicator iter,,
(step S537, Yes). When the indicator iter is equal to or greater
than the maximum indicator iter,, (step S537, No), an opera-
tion is terminated.

Hereinafter, an operation corresponding to one loop of the
indicator iter will be described.
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k is set to 1 for a transmission power control for the cog-
nitive radio small cell k of the K cognitive radio small cells
(step S532).

According to the required transmission rate for each avail-
able channel, 1, *, which is calculated in step S520, trans-
mission power allocated for each available channel may be
represented by Equation 4.

K [Equation 4]
min o > pf
Pe i3

stz A

Equation 4 represents a method of controlling transmission
power that satisfies the required transmission rate for each
available channel among the small cells that share the channel
s, and minimizes the transmission power.

The transmission power, which is a solution of Equation 4,
is calculated as below according to a Water-pouring algorithm
in the related art.

(s),
7 12

@ | & 1 _
SINRY

(] e a——
k72 SINR,((S)J+

Accordingly, A, is calculated based on the required trans-
mission rate for each available channel, r,*> * (step S533). The
transmission power for each channel, p,® is calculated based
on the calculated A (step S534).

When the transmission power is calculated with respect to
the available channel S, of the cognitive radio small cell, the
same process is repeated with respect to other cognitive radio
small cells, and then all calculations are completed with
respect to K cognitive radio small cells (step S535), the pro-
cess proceeds to a next step.

As described above, operations as many as the maximum
indicator iter, ,may be performed with respect to all cognitive
radio small cells.

The method of allocating radio resources according to the
embodiment of the present disclosure analyzes the character-
istic according to the available channel information for the
cognitive radio small cell, divides the required transmission
rate for each available channel, and then controls the trans-
mission power. As a result, an operation for controlling the
transmission power may be simplified.

FIG. 6 is a block diagram illustrating an apparatus of allo-
cating radio resources, which performs the method of allo-
cating radio resources according to an embodiment of the
present disclosure.

Referring to FIG. 6, an apparatus 10 of allocating radio
resources operates interacting between two layers of a first
layer 100 and a second layer 200. For example, the first layer
may correspond to a physical layer, and the second layer may
correspond to a medium access control layer.

A channel information acquiring unit 110 that operates in
the first layer acquires information on channels usable in the
cognitive radio small cell at present. The acquired channel
information is provided to a channel characteristic analyzing
unit 210, which operates in the second layer, to analyze the
characteristic for each channel. As described above, the avail-
able channel information may include the protection service
type, data transmission rate, the number of available chan-
nels, the interference intensity, the SINR, and the SLNR of
the available channel. The channel characteristic analyzing
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unit 210 may calculate a characteristic coefficient c,* based
on two or more factors in the available channel information.

A channel required transmission rate determining unit 220
that operates in the second layer may calculate the required
transmission rate for each channel, r,*> * based on the char-
acteristic coefficient and the system QoS information.

The calculated required transmission rate for each channel
is provided to a channel transmission power control unit 240
together with an adaptive coding and modulation mode infor-
mation determined by a channel adaptive coding and modu-
lation mode determining unit 230.

The channel transmission power control unit 240 calcu-
lates the transmission power for each available channel, p,*
based on the required transmission rates divided for each
channel and the system QoS information.

The calculated transmission power for each available chan-
nel is provided to a transmission unit 140 of the first layer.

A channel coding rate reflection encoding unit 120 and a
channel modulation degree reflection modulating unit 130
perform encoding and modulation based on the channel adap-
tive symbol and modulation mode determined in the second
layer. A signal generated through the encoding and modula-
tion is finally transmitted by the transmission unit 140 based
on the transmission power for each available channel.

As described above, the apparatus 10 of allocating radio
resources according to the embodiment of the present disclo-
sure analyzes the channel characteristic while transmitting
and receiving data between the first layer and the second layer
and determines the required transmission rate for each avail-
able channel, thereby reducing a load of the channel trans-
mission power control unit 240.

As described above, the method of allocating radio
resources and the apparatus of allocating radio resources
according to the present disclosure are to allocate the multi-
band resource under an interference environment partially
sharing the available channel. As a result, the method and the
apparatus may be more efficiently used in a space where cells
are concentrated.

The method of allocating radio resources and the apparatus
of allocating radio resources according to the present disclo-
sure may improve efficiency of the power control by lowering
operation complexity for the power control.

The aforementioned present disclosure is not limited to the
aforementioned exemplary embodiments and the accompa-
nying drawings, and it will be obvious to those skilled in the
art to which the present disclosure pertains that various sub-
stitutions, modifications, and changes may be made within
the scope without departing from the technical spirit of the
present disclosure.

What is claimed is:
1. A method of allocating radio resources, the method
comprising:
acquiring available channel information of a cognitive
radio small cell;
analyzing a channel characteristic based on the available
channel information and dividing a required transmission rate
of the cognitive radio small cell into required transmission
rates for each available channel; and
performing a power control for each available channel
based on the divided required transmission rates for each
available channel; wherein
the performing of the power control for each available
channel includes determining transmission power for
each available channel,
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the transmission power for each available channel, pk™(s)
for the available channel s of the cognitive radio small
cell k is calculated by min_(p_k'((s)) Z_(k=
1)Kp_K'((s))

str_k*((s))=zr_k"((s),t), and rk’(s) corresponds to a trans-
mission rate of the available channel s of the cognitive
radio small cell k, and rk'(s)' t corresponds to the
required transmission rate for each available channel of
the available channel s of the cognitive radio small cell k.

2. The method of claim 1, wherein the dividing of the
required transmission rate of the cognitive radio small cell
into the required transmission rates for each available channel
includes:

calculating a characteristic coefficient based on the avail-
able channel information; and

calculating the required transmission rates for each avail-
able channel based on the characteristic coefficient and
the required transmission rate of the cognitive radio
small cell.

3. The method of claim 2, wherein the available channel
information includes at least one of a protection service type
of an available channel, a data transmission rate, the number
of'available channels, interference intensity, a signal to inter-
ference plus noise ratio (SINR), and a signal to leakage plus
noise ratio (SLNR).

4. The method of claim 2, wherein the characteristic coef-
ficient ak"(s) for an available channel s of a cognitive radio
small cell k is calculated by a_k"((s))=(w_s r_kK((s)))/(Z_
(s€S_k)w_s r_kK'((s))), s&€S_k, and Ws corresponds to a
weight value set and calculated based on the available channel
information.

5. The method of claim 1, wherein the calculating of the
required transmission rate for each available channel and the
performing of the power control are implemented in a cross-
layer.

6. The method of claim 1, wherein the method is performed
under an interference environment in which a plurality of
cognitive radio small cells is present and the plurality of
cognitive radio small cells share the available channel.

7. An apparatus of allocating radio resources under an
interference environment in which a plurality of cognitive
radio small cells partially shares an available channel, the
apparatus comprising:

a channel information acquiring unit configured to acquire
available channel information of a cognitive radio small
cell;

a channel characteristic analyzing unit configured to ana-
lyze a channel characteristic based on the available
channel information;

a channel required transmission rate determining unit con-
figured to divide a required transmission rate of a cog-
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nitive radio small cell into required transmission rates
for each available channel based on the analyzed chan-
nel characteristic; and

a channel transmission power control unit configured to
perform a power control for each available channel
based on the divided required transmission rates for each
available channel; wherein

the channel transmission power control unit allocates
transmission power of pk(s) calculated as below with
respect to an available channel s of a cognitive radio
small cell k min_(p_k"((s)))Z_(k=1)"Kp_k'((s))

s.t.r_k'((s))zr_k"((s),t), and rk’(s), corresponds to a trans-
mission rate of the available channel s of the cognitive
radio small cell k, and rk"(s)' t corresponds to the
required transmission rate for each available channel of
the available channel s of the cognitive radio small cell k.

8. The apparatus of claim 7, wherein the channel informa-
tion acquiring unit operates in a first layer, and

the channel characteristic analyzing unit operates in a sec-
ond layer distinguished from the first layer.

9. The apparatus of claim 8, further comprising:

a transmission unit configured to transmit a signal having
transmission power corresponding to the controlled
power and operate in the first layer.

10. The apparatus of claim 7, wherein the available channel
information includes a protection service type of an available
channel, a data transmission rate, the number of available
channels, interference intensity, a signal to interference plus
noise ratio (SINR), and a signal to leakage plus noise ratio
(SLNR).

11. The apparatus of claim 10, wherein the channel char-
acteristic analyzing unit analyzes the channel characteristic
by using two or more of the available channel information.

12. The apparatus of claim 7, wherein the channel trans-
mission power control unit determines transmission power
for each available channel based on the required transmission
rate for each available channel, an adaptive coding and
demodulation mode for each channel, and system quality of
service (QoS).

13. The apparatus of claim 7, wherein the channel charac-
teristic analyzing unit calculates a characteristic coefficient
based on the available channel information, and multiplies
the calculated characteristic coefficient by the required trans-
mission rate of the cognitive radio small cell to calculate the
required transmission rate for each available channel.

14. The apparatus of claim 13, wherein the characteristic
coefficient ak"(s) for the available channel s of the cognitive
radio small cell k is calculated by a_k"((s))=(w_s r_k"((s)))/
Z_(s&S_k)w_s r_k™((s))), s€S_k, and Ws corresponds to a
weight value set and calculated based on the available channel
information.



